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Abstract 



Mohammad Javad Fallahi 1 , MD; Seiyed 

MoarreP md " GhayUmi1 ' ^ *" Background: It was hypothesized that the use of Pentoxifylline 

would increase arterial 02 saturation and increase exercise 
tolerance in patients with Chronic Obstructive Pulmonary 
Disease (COPD). 

Methods: We tested this hypothesis in 23 patients with COPD 
and pulmonary hypertension. Patients were randomized to 
receive Pentoxifylline or placebo, each for a 12-week period, 
in a prospective, double-blind study to assess the effects of 
Pentoxifylline on oxygen saturation and exercise tolerance via 
pulse oximetry and the 6-Minute Walk Test (6MWT). 
Results: At the end of the 12 weeks, the six-minute walk distance 
rose from 351.9±65 meters to 393±67 meters in the Pentoxifylline 
group (10 patients) and increased from 328±79 meters to 353±66 
meters in the placebo group (10 patients) (P=0.142). Resting 
oxygen saturation by pulse oximetry changed from 87±4% to 
85±14% in the Pentoxifylline group and from 88±3% to 88±2% in 
the placebo group (P=0.676). There were no significant changes in 
dyspnea severity index and heart rate before and after the 6MWT 
Conclusion: Pentoxifylline does not seem to improve exercise 
capacity and dyspnea in patients with severe and very severe COPD. 
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Pentoxifylline is a methylxanthine and possesses several properties 
that could have beneficial effects for patients with Chronic Obstructive 
Pulmonary Disease (COPD) and pulmonary hypertension. 14 With 
its anti-inflammatory, antifibrotic, and hemorheological properties, 5 
Pentoxifylline has been demonstrated to increase the filterability of red 
blood cells (RBCs), decrease the adherence of RBCs to endothelial 
cells, blood viscosity, platelet aggregation, fibrinogen levels, and act 
as a vasodilator and improve pulmonary hemodynamics. 6 " 11 These 
effects can reduce the incidence of hypoxia by improving blood 
delivery to vascular beds. 12 In animal models, the beneficial effects of 
Pentoxifylline have been reported on hypoxia-induced skeletal muscle, 
lung, papillary muscle, and liver dysfunction. 13-17 Furthermore, it is an 
effective adjunct to compression bandaging for treating venous ulcers 
and may decrease proteinuria in patients with diabetic nephropathy. 7 
The Food and Drug Administration (FDA) has approved its use for 
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the management of intermittent claudication. 2 It is 
deserving of note that the majority of adverse effects 
of Pentoxifylline are known to be gastrointestinal 
disturbances. 18 There are, however, controversies 
over the beneficial effects of Pentoxifylline in 
patients with COPD with respect to improvement 
in the treadmill walk time, oxygen saturation, and 
dyspnea. In the past, a few studies demonstrated 
some beneficial effects of Pentoxifylline on pulmonary 
hypertension and pulmonary gas exchange. 134 In 
contrast, Scott et al. 19 failed to show any benefits of 
Pentoxifylline on oxygenation and exercise tolerance 
in COPD patients. 

The exact role which Pentoxifylline can play in 
COPD is still a subject for debate. We investigated 
the effects of Pentoxifylline in patients with severe 
to very severe COPD alongside pulmonary 
hypertension, using arterial oxygenation, the 
6-Minute Walk Test (6MWT), and dyspnea score 
in this prospective, randomized, double-blind, 
placebo-controlled study. 



Materials and Methods 



The participants in this study were recruited 
from the Outpatient Pulmonary Clinic at Shiraz 



Medical Center. The study was approved by the 
Ethics Committee of Shiraz University of Medical 
Sciences, and informed consent was obtained from 
all the individuals before their participation. 

Patient Selection 

A total of 37 clinically stable patients with 
severe to very severe COPD were recruited. 
Patients were selected for the study if they had 
forced expiratory volume in 1 second (FEV1) of 
less than 50% of their predicted value and systolic 
pulmonary artery pressure greater than 40 mm 
Hg by color Doppler echocardiography. Seven 
patients did not meet the echocardiographic 
inclusion criterion and were, therefore, excluded. 
Patients were excluded from the study if they 
had systolic blood pressure more than 180 mm 
Hg, diastolic blood pressure more than 120 mm 
Hg, evidence of left ventricular dysfunction or 
symptomatic coronary artery disease, inability 
to walk for 6 minutes due to musculoskeletal 
disorders, significant exertional dysrhythmias, 
or symptomatic peripheral vascular disease. 

Twenty-eight patients underwent randomization 
to receive either Pentoxifylline or placebo 
(figure 1). Three patients in the Pentoxifylline 
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37 severe to very severe 
COPD patients enrolled 



7 excluded for not meeting the 
echocardiographic inclusion criteria 
and 

2 due to other reasons 
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3 lost to follow-up 
2 discontinuing intervention 
due to gastrointestinal upset 





13 assigned to receive placebo 
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due to Intensive Care Unit admission 



10 analyzed 



Figure 1: Enrollment and Outcomes. 
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group and 2 in the placebo group were lost to 
follow-up. Given that there are only a few studies 
available in the existing literature on the effects of 
Pentoxifylline on COPD, we selected the number 
of our patients slightly higher than that of the 
previous studies. The patients were randomized 
via a simple method. Each patient received a drug 
package and his or her data were recorded in a 
questionnaire labeled with a randomly allocated 
number identical to that of the drug package 
through the study. 

The patients who qualified for the study 
underwent baseline spirometry and 6MWT in 
tandem with pulse oximetry and dyspnea rating 
before and after exercise with a standard Borg 
score questionnaire. Two patients in the case 
group stopped taking Pentoxifylline due to gastric 
complaints, and one patient in the placebo group 
withdrew from the study, after ICU admission due 
to COPD exacerbation. Finally, 10 patients in 
each group were analyzed. 

Two trained nurses performed the 6MWT, 
pulse oximetry, and other measurements. The 
referring physicians, nurses, and patients were 
unaware of the contents of the drug package. The 
patients received either 400 mg of Pentoxifylline 
orally three times a day for 12 weeks or an 
identical-appearing placebo tablet with exactly 
the same dosing regimen. The Pentoxifylline 
or placebo dosage was halved in the patients 
receiving Theophylline. At 6 and 12 weeks post- 
intervention, the patients were re-evaluated. 



A P value<0.05 was considered significant. 



Results 



The study population comprised 23 patients, of 
whom 12 received Pentoxifylline and 11 received 
the placebo (table 1). One patient in the placebo 
group (due to COPD exacerbation necessitating 
intensive care) and 2 in the Pentoxifylline group 
(due to adverse events) discontinued the study. 
Overall, the treatment groups were well matched 
with respect to baseline characteristics (table 1). 
All the patients were in the Global Initiative for 
Obstructive Lung Disease (GOLD) class of severe 
or very severe at baseline. 

The mean 6-minute walk distance increased by 
41 meters in the Pentoxifylline group (351 .9±65 at 
baseline to 393±67 meters at week 12; P<0.001 ), 
and increased by 25 meters in the placebo group 
(328±79 at baseline to 353±66 meters at week 
12; P<0.001). Despite the significant increase in 
the 6-minute walk distance in both groups, there 
was no statistically significant difference between 
the groups (P=0.142). After the administration of 
Pentoxifylline for 12 weeks, there was no increase 
(compared to the placebo) in the mean resting 
arterial oxygen saturation and heart rate, or nor was 
there a decrease in dyspnea score (table 2). The 
individual 6-minute walk distance of both patient 
groups is plotted against time in figures 2 and 3. 



Discussion 



Statistical Analysis 

The SPSS (version 15) computer program 
was utilized for data entry and statistical analysis. 
The data were analyzed using the f test for 
mean comparisons, and the repeated measures 
ANOVA was employed to compare the differences 
between the two groups over the study period. All 
the measurements are expressed as mean±SD. 



COPD is characterized by dyspnea-induced 
impairment and as such can significantly limit 
the performance of everyday tasks. Hence, a 
primary goal in the management of COPD is to 
improve dyspnea with a view to facilitating physical 
activities irrespective of the severity of the disease 
if the patient's health-related quality of life is to be 
enhanced. 20 



Table 1: Demographic and hemodynamic characteristics at baseline 





Drug 


Placebo 


P value 


Male 


12 


9 




Age (years) 


64.6±8.4 


66.6112.5 


0.67 


FEV1* (ml) 


990+177 


930±369 


0.60 


SPAP** (mm hg) 


47.8±7 


48.9±6.67 


0.60 


6MWD*** (meters) 


351.9±65 


328±79.9 


0.48 


Estimated Vo 2 peak (ml/kg/min) 


13 


12.5 


0.48 


Borg score (rest) 


1.85±1.05 


2.1±0.87 


0.57 


Borg score (post walk) 


4±2.6 


3.7±1.33 


0.75 


0 2 saturation 0 /)**** (rest) 


87±4 


88±3 


0.64 


0 2 saturation % (post walk) 


85±8 


83±6 


0.73 


Heart rate (/min) (rest) 


81+11 


89±9 


0.15 


Heart rate (/min) (post walk) 


90±17 


101±18 


0.40 


*Forced expiratory volume in 1 second; 


"Systolic pulmonary artery pressure; ***Six-minute walk distance;****By pulse oximetry 
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Table 2: Changes in 6-Minute Walk Test, dyspnea score, and oxygenation before and after Pentoxifylline administration 



Variable 




WeekO 




Week 6 


Week 12 


P value 




Drug 


Placebo 


Drug 


Placebo 


Drug 


Placebo 




6 MWD * (meters) 


351.9±65 


328±79 


394±64 


348±65 


393±67 


353±66 


0.142 


Estimates Vo 2 peak (ml/kg/min) 


13 


12.5 


14 


13 


14 


13 


0.294 


Borg score (pre test) 


1.8+1 


2.2±0.8 


1.2±0.9 


2.2±0.9 


1.1+1.3 


1.9±0.9 


0.126 


Borg scale (post test) 


4±2.6 


3.7+1.3 


3.3±2.3 


3.7+1.6 


3.5±2.7 


3.6±1.5 


0.539 


0 2 saturation% (pre test) 


87±4 


88±3 


88±4 


88±3 


85±14 


88±2 


0.676 


0 2 saturation% (posttest) 


85±8 


83±6 


87±6 


86±5 


87±6 


86±4 


0.818 


Pulse rate/min (pre test) 


81+11 


89±9 


82±13 


86±7 


80±11 


88±7 


0.582 


Pulse rate /min (post test) 


90±17 


101+18 


96±18 


100±11 


93±20 


101 ±9 


0.616 


*Six-minute walk distance 



550 - 
500 




250 



200 - 
150 

baseline week6 week 12 

Time 



|Figure 2: Individual 6-minute walk distance (MWD) in the Pentoxifylline group is plotted against time in weeks. 




Figure 3: Individual 6-minute walk distance (MWD) in the placebo group is plotted against time in weeks. 



Pentoxifylline is a xanthine-derived agent, 
which possesses several properties that could 
have beneficial effects for the patient with 
COPD. It improves the flow properties of blood 
by decreasing blood viscosity and reducing RBCs 
and platelet aggregation. 21 It also increases cardiac 



output and 02 consumption and attenuates 
systemic vasoconstriction. 22 The drug is currently 
used in patients with peripheral vascular disease 
to increase blood perfusion and improve oxygen 
delivery. In addition, Pentoxifylline has been 
reported to increase the cardiac index and there 
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is preliminary evidence that it can reduce hypoxia- 
induced pulmonary vasoconstriction. 6 

In the current study, the hypothesis that the 
net effect of this constellation of pharmacologic 
properties would improve gas exchange in COPD 
patients was tested in a group of patients with 
severe and very severe COPD in conjunction 
with pulmonary hypertension immediately 
after exercise. Haas et al. 3 demonstrated that 
Pentoxifylline improved treadmill walk time, 
arterial saturation, and pulmonary gas exchange 
in patients with moderate to severe COPD. Why 
did we obtain such disparate results relative 
to that study? There are a number of possible 
explanations. First, there are methodological 
differences between the two studies. Our study 
was double-blinded and placebo-controlled, 
which lessened any bias that might have occurred 
during the exercise testing. We also compared 
our exercise indices after the administration of 
Pentoxifylline for 12 weeks to the indices after 
the administration of the placebo for 12 weeks, 
whereas the previous investigators compared the 
exercise indices after Pentoxifylline administration 
with their baseline indices. Second, the patient 
populations may have been slightly different. 
In the study by Haas et al. 3 the patients who 
received Pentoxifylline had a mean Hb saturation 
of oxygen of 92.8% with a range of 89 to 96%, 
while in our study, the mean Hb saturation of 
oxygen was 87.5% with a range of 83 to 91% with 
pulmonary hypertension; consequently, failure 
of Pentoxifylline to improve oxygenation and 
6-minute walk distance in our COPD patients 
may have been caused by the recruitment of 
previously unrecruited capillaries as a result of 
hypoxemia. All the COPD patients in the study 
by Haas et al. 3 who received Pentoxifylline for 12 
weeks, had ceased smoking a minimum of five 
years earlier; while all our patients were smokers 
at the time of examination. In agreement with our 
results, Scott et al. 19 in a double-blind study did 
not find evidence of improvement in oxygenation, 
resting diffusion capacity of lung for carbon 
monoxide (DLco), exercise tolerance, and 
dyspnea after a 12-week course of Pentoxifylline 
in individuals with moderate to severe COPD. 
Finally, the patients included in this trial had 
pulmonary hypertension at rest. Therefore, 
the current results are only generalizable to 
patients with severe COPD in tandem with mild 
to moderate pulmonary hypertension at rest 
and may not as such apply to patients with less 
severe COPD. In this context, these findings do 
not rule out the notion that Pentoxifylline may 
be efficacious in patients with less severe airflow 
obstruction. 



Conclusion 



Despite the potential advantageous properties of 
Pentoxifylline in this randomized, double-blind, 
placebo-controlled study on 23 patients with severe 
to very severe COPD receiving Pentoxifylline for 12 
weeks, we found no improvement in oxygenation, 
6MWT, or dyspnea score. 



Acknowledgement 



This manuscript was extracted from a thesis written 
by Mohammad Javad Fallahi and was financially 
supported by Shiraz University of Medical Sciences 
(Grant No. CT -90-5663). 

Conflict of Interest: None declared. 



References 



1 Park IS, Leachman RD. Pentoxifylline therapy: 
a new adjunct in the treatment of pulmonary 
hypertension? Tex Heart Inst J. 1988;15:163- 
5. PubMed PMID: 15227246; PubMed Central 
PMCID: PMC324819. 

2 Jacoby D, Mohler ER 3rd. Drug treatment 
of intermittent claudication. Drugs. 
2004;64:1657-70. doi: 10.2165/00003495- 
200464150-00004. PubMed PMID: 15257627. 

3 Haas F, Bevelaqua F, Levin N, Salazar- 
Schicchi J, Reggiani JL, Axen K, et al. 
Pentoxifylline improves pulmonary gas 
exchange. Chest. 1990;97:621-7. doi: 10.1378/ 
chest.97.3.621. PubMed PMID: 2306966. 

4 Kishi F, Nishiura Y, Kamada A, Kawakami 
Y. Pharmacological effects on hemoglobin- 
oxygen affinity in vitro and in patients with 
chronic obstructive pulmonary disease. 
Adv Exp Med Biol. 1988;222:341-7. doi: 
10.1 007/978-1 -461 5-951 0-6_40. PubMed 
PMID: 3129913. 

5 McCormick BB, Sydor A, Akbari A, Fergusson 
D, Doucette S, Knoll G. The effect of 
pentoxifylline on proteinuria in diabetic 
kidney disease: a meta-analysis. Am J 
Kidney Dis. 2008;52:454-63. doi: 10.1053/j. 
ajkd.2008.01.025. PubMed PMID: 18433957. 

6 Sturani C, Palareti G, Poggi M, Schiavina M, 
Torricelli P, Papiris S, et al. Pulmonary vascular 
reactivity and hemorheology in patients 
with chronic cor pulmonale: responses to 
pentoxifylline at rest and during exercise. Ric 
Clin Lab. 1986;16:569-78. PubMed PMID: 
3576055. 

7 Sowemimo-Coker SO, Turner P. The effect 
of pentoxifylline on filterability of normal red 
blood cells and their adhesiveness to cultured 
endothelial cells. Eur J Clin Pharmacol. 
1985;29:55-9. doi: 10.1007/BF00547369. 



Iran J Med Sci Supplement June 2013; Vol 38 No 2 



167 



Fallahi MJ, Ghayumi SMA, Moarref AR 



PubMed PMID: 2996906. 

8 Chick TW, Scotto P, Icenogle MV, Sikes 
CW, Doyle MP, Riedel CE, et al. Effects of 
pentoxifylline on pulmonary hemodynamics 
during acute hypoxia in anesthetized dogs. Am 
Rev Respir Dis. 1988;137:1099-103. doi: 10.1164/ 
ajrccm/137.5.1099. PubMed PMID: 3195808. 

9 Hakim TS. Reversal of pulmonary hypoxic 
vasoconstriction with pentoxifylline and 
aminophylline in isolated lungs. Can J Physiol 
Pharmacol. 1988;66:146-51. doi: 10.1139/y88- 
026. PubMed PMID: 3370545. 

10 Angelkort B, Maurin N, Boateng K. Influence 
of pentoxifylline on erythrocyte deformability 
in peripheral occlusive arterial disease. Curr 
Med Res Opin.1979;6:255-8. PubMed PMID: 
527350. 

11 Hakim TS, Petrella J. Attenuation of 
pulmonary and systemic vasoconstriction 
with pentoxifylline and aminophylline. Can 
J Physiol Pharmacol. 1988;66:396-401. doi: 
10.1139/y88-066. PubMed PMID: 3167672. 

12 Collingridge DR, Rockwell S. Pentoxifylline 
improves the oxygenation and radiation 
response of BA1112 rat rhabdomyosarcomas 
and EMT6 mouse mammary carcinomas. 
Int J Cancer. 2000;90:256-64. doi: 
10.1002/1097-0215(20001020)90:5<256::AID- 
IJC2>3.0.CO;2-R. PubMed PMID: 11091349. 

13 Eun BL, Liu XH, Barks JD. Pentoxifylline 
attenuates hypoxic-ischemic brain injury in 
immature rats. Pediatr Res. 2000;47:73-8. 
doi: 10.1203/00006450-200001000-00014. 
PubMed PMID: 10625085. 

14 Portakal O, Inal-Erden M. Effects of 
pentoxifylline and coenzyme Q10 in hepatic 
ischemia/reperfusion injury. Clin Biochem. 
1999;32:461-6. doi: 10.1016/S0009- 
9120(99)00041-7. PubMed PMID: 10667482. 

15 Ebrahimi F, Hajrasouliha AR, Tavakoli S, 
Sadeghipour H, Ghasemi M, Rofoui BR, et 
al. Pentoxifylline improves reoxygenation- 
induced contractile recovery through 
a nitric oxide-dependent mechanism 



in rat papillary muscles. J Cardiovasc 
Pharmacol. 2006;47:571-7. doi: 0.1097/01. 
fjc.0000211733.53798.d3. PubMed PMID: 
16680071. 

16 Chapelier A, Reignier J, Mazmanian M, 
Detruit H, Dartevelle P, Parquin F, et al. 
Pentoxifylline and lung ischemia-reperfusion 
injury: application to lung transplantation. 
Universite Paris-Sud Lung Transplant Group. 
J Cardiovasc Pharmacol. 1995;25:S130-3. 
doi: 10.1097/00005344-199500252-00027. 
PubMed PMID: 8699852. 

17 Simsek-Duran F, Ertunc M, Onur R. The effects 
of pentoxifylline on skeletal muscle contractility 
and neuromuscular transmission during 
hypoxia. Indian J Pharmacol. 2009;41:213- 
7. doi: 10.4103/0253-7613.58509. PubMed 
PMID: 20177491; PubMed Central PMCID: 
PMC2812779. 

18 JullA, ArrollB, ParagV, Waters J. Pentoxifylline 
for treating venous leg ulcers. Cochrane 
Database Syst Rev. 2007:CD001733. doi: 
10.1002/14651858.CD001733.pub2. PubMed 
PMID: 17636683. 

19 Sasse SA, Causing LA, Stansbury DW, 
Light RW. The effects of pentoxifylline on 
oxygenation, diffusion of carbon monoxide, 
and exercise tolerance in patients with 
COPD. Chest. 1995;108:1562-7. doi: 10.1378/ 
chest.108. 6.1562. PubMed PMID: 7497761. 

20 Aguilaniu B. Impact of bronchodilator 
therapy on exercise tolerance in COPD. Int 
J Chron Obstruct Pulmon Dis. 2010;5:57- 
71. doi: 10.2147/COPD.S7404. PubMed 
PMID: 20463947; PubMed Central PMCID: 
PMC2865026. 

21 Muller R. Pentoxifylline ~ a biomedical profile. J 
Med. 1979;10:307-29. PubMed PMID: 393789. 

22 Hershenson MB, Schena JA, Lozano 
PA, Jacobson MJ, Crone RK. Effect of 
pentoxiphylline on oxygen transport during 
hypothermia. J Appl Physiol. 1989;66:96-101. 
PubMed PMID: 2917962. 



168 



Iran J Med Sci Supplement June 2013; Vol 38 No 2 



